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Envnronmantal imphcatmns of Management Intervenuons
in the Pig Fattenmg Process ‘

R Maul

Institute of Agmultuml Engineering, Potsdam Germany
mp aciment of Technology Assessment and Substance Circles

Snovry

Vooachiows, o progrs o rintior of <wleaunce Jows and of the output of pollutants in animal
e abundey the specifie desige of i produg. ar process has Lo be considered. However, the only
o tor influencing the p rum o s b2 eennony b ‘Trehniques for emission reduction are generally
sk amd pre v e p&)ma:d ﬁmm“xg ihe prosess or when making managensent decisions,
At the Tastrrgee of Aom,mmm sanginesting !’*st*ﬁarn ) d»mswn stipport system was developed
(0 W5888 the ol mur b meg saused by aurist pollutants during the p,z, productmn
proiess umd 1!*»& effiuinney of varjous emvegion duntion meastres, Varylm, y the intensity of the
progess e ooamm bBaws polend Y o the vontion of substances in the process which is
ensnprgibs o Mret oasssion reduction mueas such as biofilters, acidification of manure or
difivrant ways of eovering she manure. A cost puleulativy gives evidence about the changcs in
Lasts and t‘wmargm whih i oot ol l* anviarmentel protection,

Fhe programn alsrs gnhoat pkc* g ¢ damage zosts. Given the default values for
ol thee sy betwen g « 9 %5 St ¢ mi PraUCSION Cost.

Irteoduction

' i“w ;;m M e pmm& s 10 SeLag an i eniery of vedel poilutans of the pig fatfening process
 and to wssass different emission raduetion means. Ths invientory should give realistic gstimates
of releasedt emissions for a delined production process, These emission data should be a*;ie fo be
Lompm&i 10 Praduction cost zmd dainage cost f‘or the released substances. :

: Mﬂﬂsm}s - Qew'immn of SIMSET

Ine sofiware sysem used descnbcs the substance flows and costs of the fattemng pmccss ;
refeied 1o the production process, The variables of the production process come fro,m the
follosing aress -

s peodaction Jevel {quamity, starting mnght finial weight, aVcragc. wenght gam)
- bregd
»  husbandry system
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. fodder quantity and quality and the todde*r régine
. manure maragement system
. emission reduction means

Dreed-specific growth curves of pigs were derived from productivity 1ests of ihe Hessische
Landesanstalt fiir Tierzucht (HLT) Neu Ulrichstein, Germany, The considered breeds were:
Deutsche Landrasse (DL), Deutsches Edelschwein (D), Pietrain and the crossbreeds DL x DE,
Duroe x DI or Pietrain x DL, The appmpnatc curves nre adapted to the specified pmductmn
level expressed as average daily weight gain in grams by iteration.

The chosen growth curve is the hasxs for calculation of the substance ﬂows» Carbon, mtm;,en
and phosphorus substance ﬂows are caleulated usmg mo methods:

v a hypo(huxcal caleutation about the minimum xenwcm(-nts of 1he ammal under

piven general production data
» the actual (entered) consumptxon of feedstuffs and the msun‘vg, actual substance
flow

The minimum calculations are based on equations of KIRCHG{S¥NER (1992), MEYEK et al,
(1993) and SUSENBETH (1993) which describe the conversion of jodder erergy and protein to
body mass, The carcass composition at the final fattening stage is also derived from an equation
of KIRCHGESSNER (1992), For the emission calculations and the calculation of the remainder
the actual consumption data are used,

The substance flows are calculated as the excretion of phosphorus. carbon and nitrogen, The
difference between the actual and hypothetical minimum substance flows characterises the
efficiency of the process. "The second block of the menu;, shown in the figure below, is dedicated
10 the expected emissions of CO,, CHy, NH; and N,O and the last column shows the remainder

which is the posmblc input for plant production. The figure below shows thc first (mtput menu
o{' SIMSET concerning the substancu flows,

Figurel  Substance flow oiput of SIMSET

i
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As the emtsslcms ol COy, CHy, 1My and N, O are prodiced at three stages durmg the production
process the emission of these substances were computcd* :

" Soutce | Metabolismofthe | Losscs|
Substanee | 4 0§
o, J. X o
N, | - X X
X = cons;dcrcd, = nol considered, £) = missing (due to insulficient information)
Table 2 Possible sourees of umsqxon, relevant substances and their consideration in the
model

The model relates the release of pollutants o the variables of the process which the emission
most m&,niﬁc:mt determine, The literature review and the formulae used are described
extensively in MAUL and KOCH (1996a and 19“6&)) A brief descnptlon of the formulae
follows:

o, |
Metaboiism of thi animal
X = body weight i in kg,
oy ing CO, * day” ‘

y = 13530 * 026307 x‘”“’“ (MAUL and KOCH 1996)

The release from the manure ptt is considerable and is a functmn of dry mass
cunicentration, organic matter, organic fatty nuds, pH, temperature, nitrogen, | iowwcr,
no reliable equation was available.
CH,
Metabolism of the animal
x = Yfed MJ Maabohublc anrgy (MB MJ),
y in kg released methane * plg ,

y = (0.0069836 / 5527)*x  (WHITTEMORE 1993)
Release from the stable |

73 ¢ CHy * anfmal' * kg body weight ;,am fullyslatted floor

66 g CH, * animal” * kgbodywengm gain‘ panlysmtted now

(both AHLGRIMM 1995)

Release fmm the ma.nure pit
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X = manure tempuraturc in °C,
yin In (gCH; *w" Se day’ ‘)

v = L4 4 017 * x, manum without crust cover ~
y = 2,84 + 031 * x, manure with crust cover (bothHUST ED 1994)
N“{S
Release from the etable

0.09408 g N * d“ * kybody ngh - fully slatted floor
0.05336 gN * d' * kg body weight”, partly slatted floor
(both OLDENBURG 1993) |

Release from the manure pit
x1 = (g NH,* kg mantre” )
X2 = manure ptt surface in ml * k.mpemture (°C),
x3 = manure pn surface in m> * air spaed in (m * sec™),
y1n g NH; * day”!

y = 4,584 * x1 + (}2127 * %2 + 1,820 % x3 - 82(}3
(MAUL and KOCH 19963) :
N,O
Release from the stable

31N * mxmal‘ * ke bc)dywmght gain’! |+ partly slatted floor
42gN * animal” * kg body weight gam , fully slatted floor
(both HEINEMEYER et al. 1995)

Release from the manure pit

Losses from the manure pit are consxdercd minimal (BURTON et a] 1093) but
agatn no reliable formulag were available. :

The user has 4 restricted choice of conditions for the animal environment as these conditions
influence the behaviour of the manure and the emissions from the stable, Husbandry s systems
considered were a stable with four rows and the Danish stable system with 80 or 120 pig
compartments, each of the stable systems having partly slatted or fully slaited floors, liquid or
dry feedmg systems and either above ground tanks or manure Jake for manure storage, The
restriction is due 1o available data about the influence on emzssmns of these stable systems and g
to sufficient supporting cost information, ‘ ‘ ~ :

Finally, & selcction of direct emisaion mduchon means can be entered such as bioscrubbers to
filter stable air, different covers for the mianure pit such as straw, peat, different oils, woodenor
concrete covers or PYC shicets and different methods of manure acidification. Their impact on
the cost of the ialtenmg prucess and o the emmsmnS retained can be cxammad,

For the four pollutanw €O, Ci-k ij and W O, suhstance-smnfc damage cost can be ‘
entered, As a default a record is available whnch is denved from research of Berg (1995). 'I‘hesc
costs ary calculated as local costs for ammonia and as global costs for the otlier substances, The
lecal costs include damages to the vegetation caused by acid rain, Th “g,obal costs are derived
from models of NORDHAUS (!994) Howwm at mesmt the cost estimation for the: danuge of
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polltnnts is fraught with so many methedical probstems that they shwld’ considered s a first
step towards v quantificstian of global environmentzl goods, Therefors the data are definitely
uesuitable for use tn pelitical discossions. : :

After the oufput of the substance flows {figwre 1) the last meny, shown in figure 2, gives
information on the cost steusture per livestosk, unit, the total cost of the livestock and the total
damage cost of emission '

",h‘

| S S )
A NPT, W

Figure 2 Cost paleulation output of SIMSET

Results

Wharking with the model a very close relation occurred between the production intensity, the
minimurm o the sctual substance flow and the cost per produced livestock unit. This concerned
both the sitragen and the carbon substance flows, The relation for nitrogen is shown as an
example in figiee 3. As the curve is calonlated under ceteris paribus conditions the mathematical
wxpzssion is of litte interest. B ‘

:‘: \\ i i 1

um substan

25 Lok :
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Daily weight gain per pig (grams)
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Figwe3  Minimum substance flow as function of the intensity of production

i Jowever, depending on which conditions are chosen, a linear increase in the daily weight gain
is linked with a nonlinear of excreta of nitrogen. What explzmanons can be given for this
betiaviour and does this poriray existing_causal connections? The minimum substance flow of
nitrogen is calculated s N in excreta = N in fodder - N in body substance, It assumes an ideal

feed ratio which is adapted by quality and by quantity every day. Two causal connections are
displayed by this behaviour of the model:

. An increase in production intensity shortens the fattemng pcnod and decreases
the share of the fodder needed for maintenance

. A lincar increase in the daily weight gain causes shoncnmg of the fattening
period with decreasing rates

Changing only the intensity (daily weight gain) pMumc« that e quality of management does
not change, The Pig Report 1995 (DEERBERG ct al. 1995) of the Landwirtschaftskammer
(Department of Primary Industries) of the German state of Schieswig-Holstein provides
sufficient data to analyse how substance flows in reality perform.

571 i‘arms were semmts,d into six levels of intersity, ranging from 590 to 763 grams daily
weight gain per pig. The specific data for these farms like fatiening period, prices for feedstuff’
and piglets, animal losses, fodder consumption, fodder quality were used for the model, Usmg

these data the connection between substance flows and intensity of the process is shown in the
figure below,

o 285
- b
S
Z 275 fo
4
E27.0L
O ek
5265
gzssg SEUSIARS SOUUNOON UGN TSR .
& 25()” SRR PSSPINTRIN IVESSEPRN VRSN WSO
550 600 650 700 750 800
Daily weight gain per pig (grams)

Figure 4 Calculated substance flow of nitrogen incorporating thc, data of “The 1995 Png
Report” DPI Schleswig-Holstein, Germany ;

The function is:
Y= 34,57 -00114* X

2 ~0973

The figure shows that the curved relation has become a sumght lmc, This indicates that the

farmers in the groups with a higher intensity of production achieve their progress withouta

higher input but with the abmty to make the input more effcctwef Also the diﬂ‘erencca betwm S
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the caleulated minimum and the actual substance ﬂows become smaller. The table below may
explain which cost structure is linked to the more efficient use of resources,

Number of v)&‘vcxfag,e daily costof cost‘&)r Additio- (Zomfor ’l‘oﬁalcom
fattening | weight gain in | piglet fodder | nal varia- | stable (DM/LU) |
places/year | grams per pig | (DM/LU) (DM/LU) ble costs (DWLU) ‘ ;
b SRR ‘(DM/LU) _ N CR
646 | 590 ,‘483 5 ) 457.244 B 2()564 122212
575 | 636 48778 | 44747 | 7528 | 19132 | 120785
703 664 | asas7 | 43932 | 7500 | 18274 | 118165
563 695 | 49305 | 42782 | 7467 181,17 | 117671
553 74 | s0257 | 41822 | 7509 1 1ma22 | 17000 |
469 | 763 || 50308 | 40193 | 7464 | 17417 | 115377
Table 2 Size, intensity and cost structure per livestock unit in the pig mdustq

The most intensively producing piggeries spend slightly more money for piglets and have about

5 % lower total costs than the less intensively producing group, Two thirds of the cost savings
originate from the fodder costs and one third from the cost of the husbandry system, The fodder
costs per ton oscillate in a range of 1 %, so higher quality is not caused by more expensive
components but by a better feeding regime and/or an appropriate composition, The cost
caleulation of the DPI in Schieswig-Holstein is carried out as a gross margin calculation, so the
costs for the stables are not available and are derived as average costs from the model, The
fewer livestock in the high yielding groups create more expenses for a pig place per year but the
shorter keeping period compensates ﬂus mﬂuence,

In fact there are many factors which may influence the substance flow and subsequemly the
econom’cs, These are: hiygicne, animal health, constitution of the animals, climatisation of the
stable, differences between breeds, feed quality or regime or general management practices like
all-in all-out practices, If thcy are not at an ophmum any of the factors will cause a “waste”
substzmce flow or, if there is no reserve, a deprcssmn in weight gain, Apart from difficulties in
measuring, the substance flows exactly, the analysis of substance flows seems to be an accurate
instrument for assessing the level of management and the efficiency of the production technique,
SIMSET is not a tool for analysing produchon problcms bu& it is ccrtmnly a tool which can be
used to detest problems, :

How do the expected emissions for the dni’fcrent classcs of farms develop? To assess the ;
substances they have to be made comparable. The rccOrd of damage cost used(BERG 1995) is
shown in the table below. L
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Estimated damage cbét df aérial bpblmta”hts (DM bér kg.) B
CO, o i

Table3  Costoi aerial pollutants

Usm{, this record of damage costs the pollutax s showed a significant decrease with an increase

in the intensity of production (sce table No 4) This decrease is also a consequence of the
shorter fattening period. The release of CO, is a function of body mass and time, G is a

function of the fodder intake, the weight gain, the floor wndmons, the days of storage,

temperature and a natural or artificial cover of the manure pit, NH; is a function of the floor

conditions, manure pit surface, manure temperature, air velogity and the days of storage and

N,0 is a function of the weight gain and the floor conditions. Some of these variables are
influenced by a higher intensity of the production process, others are not, However, because the
release is quite frequently a function of time, the emission situation seems, in principle
favourable for 4 higher level of intensity.

Classes of produgtion Totensiiys § . 1 oo 1 oo | e | e | oon |
Damage cost (DM/LU) 6168 | 5800 | 5671 | 5441 | 5249 | s021 |
Table 4 Decrease in environmental damage cost detertninied by production intens‘ity :

Emission reduction means intervene at a certain step of the production either the process of

keeping the animals or their metabolism or the storage of the manure. They generally donot ‘

cover the entire process. They ofien use distinet physical or chemical characteristics which apply
10 one pollittant but not to the other, The efficiency of some emission reduction means ranges
from 50 % up 10 95 % conceming one poliutant and may be zero for another. For CO, there are
no useful emission reduction means at all except photos, .. 2sis and that is not able to be
integrated in the pig producuon process, How::ver, g:vcn the rccord of table 3 and given the fact
that thcre are still some details of the model mxssmg {see table 1) the table below shows how
emission reduction means perform under a homtu: view of ¢mission,

Emissim reductmn meaxis Daily : l(:"os,t ‘I?ur Damagc Total cost
~ weight | emiss, cost for ‘
gainin | reduction | pollutants
| means it
; ,

6 | 122 12_?'
0 | 1167,83 |
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Wooden gmonéttete«édvérofmé 590 | B 1 51 l2~2677 |
L f o3 | s | nsia
PVC.sheet tocover themanurepit | 590 | 347 | 5178 | 122529
o5 | ozmm | a7 | uroso |
b} s | aem | ouseao |
Strawor peatcoverofthemanure | 590 | 049 | s242 | 12261 |
P 615 | 043 | 4757 | 116826
L | o | a6 | viseas |
Coverof themanwrepitwith | 590 | 182 | 5132 | 1123.94 |
minemlol 615 | 159 | 4671 | e |
b f a9 | 4236 | ussis
Cover of the manure pit withplant | 590 | 636 | 5178 | 122848
ofl mge gt o5 | osss | w7 | nma |
T § s | oem | ousses |
Biofilter for the ai-of thesiable | 590 || 3256 | 5676 | 125468 |
| o675 || 2860 | 5140 | 119643 |
o e ey 1w | e
scidification of themanure with | 590 | 4933 | 5005 | 127145 |
e AR 615 | ago0 | 4558 | 121673 |
| Lo | oaser | alo | 120239 |
Acidification of the manwro with | 590 | 394.60 4940 | 161672 |
actc acd | 15§ ‘?9.14,3" | a0 | 155901 |
763 | ssss | avs0 | 154275 |

S
>
Wy p
L& /1
s
3=
~%

Table5  Effect and cost of different emission reduction means in wnjumﬁm with
different intensity levels on damage costs, costs and total costs (DM per LU}
As the table above. shows is the. contnbuﬁon of the emission reduction means ncarly constantly

DM 10,00 | ndependmi from the sometimes mns:derabk: cost dnﬂ'etenoes which aiso canbe
achieved with a more intensive production,




-10- i  41stARRES Conference
References

AHLGRIMM, He} {1995) Vergleich und Entwicklung von Mastschweinchaltungsverfahren unter besonderer
Berlicksichtiguny von Tier- und Umweltschutz: Methan, Kolloquium der FAL 5.12,1995, Braunschwelg,

BERG. W (1995a) Bewertung von Verfahren der Nutztierhaltung i Hinblick auf ihre Schadstoffesissionei.
Forschungshericht 19955, ATB i e e

BURTON, CH; SNEATH, RW; FARRENT, JW (1993) The effect of continuous acrobic treatment on the fate of
the nitrogen component in piggery slurry. Pudoc, Wageningen. S, 404-409. :

DEERBERG, K H (1095) Schweine-Report 1995, Belriebswirtschafiliche Mitteilungen der Landwinschiafts:
kammer Schieswig-Holsicin, Nr, 489, E S

HEINEMEYER. D; AHLGRIMM, H+) (1995) Vergleich und Entwicklung von Mastschweinchaltungsverfahren
unter besonderer Berucksichtigung von Tier- und Umweltschutz: Lachgas, Kollogquium der FAL
5,12.1995, Braunschwelg. : , ,

HUSTED, § (1994) Seasonal variation in Methane Emission {rom Stored Slurry and Solid Manures. J. Environ.
Qual. 23:585.592. » Doars

KIRCHGESSNER M (1992) Tiererithrung, DLG-Verlag, Frankfurt (Main). o

MAUL, €. ACKERMANN, | (1996): An Environmental Information System 4s an frsteument of Technology
Assessment. AGENG International Conferetice on Agricuitural Engineering, Madrid 23.9+26.9.1996.

MAUL. C; KOCH B (19962) An Information System to Assess Enyironmental Damages of Different Pig
Production Systems and Emission Reduction Means. Conference on Englneering in Agriculture and Food
Processing 1996 of the SEAR, 24.-27.11.1996, Paper No, SEAg 96/034, Gatton QLD. _

MAUL, C; Kfi)m T (1996b) SIMSET - Bin Umweltinformationissystem Tierhalung, Forschungsbericht 1996/4,
Potsdam, : B

MEYER, H: BRONSCH, K: LEIRETSEDER, J (1993) Supplemente zu Vorlesungen und Obungen in der
Ticrerntihrung, Supplemente zu Vorlesungen und Obungen in der Tierernhning, 8th ed. M & H Schaper,

Alfeld-Hannover v ~ . : e
NORDHAUS, WD (1994) Managing the Giobal Commons » The Economies of Climate Change. MIT-Press,
Cambridge (Mass.). '

OLDENBURG, ) (1993) Ammonia emissions from various pig housing systems Pudog, Wageningen, §. 340-343,

SUSENBETH, A (1993) A mode} to describe the effect of nutrition on growih, body composition and nitrogen
excretion in pigs. Pudoc, Wageningen. S. 90-95. e i o

WHITTEMORE, € (1993) Energy value of feedstufls for pigs. In The Science and Practice of Pig Froduction,
Longmans Scientific and Technical Publications, USA.




	00001784
	00001785
	00001786
	00001787
	00001788
	00001789
	00001790
	00001791
	00001792
	00001793

